Background: Platelet-derived microparticles (PDMPs) that ultimately cause vascular complications might be used as a tool to assess thrombotic areas. We identified PDMPs, high-mobility group box-1 (HMGB1) and soluble endothelial protein C receptor (sEPCR) as useful prognosis indicators for cancer-related thrombosis (CAT) to evaluate the utility of PDMPs in cancer patients. Methods: We investigated 232 cancer patients: 24 (10.3%) had thrombotic complications within 6 months after their first examination. Levels of PDMP and biomarkers were measured by enzyme-linked immunosorbent assay. Results: The levels of PDMPs, HMGB1 and sEPCR were higher in cancer patients compared with controls. In particular, these levels were significantly elevated in lung cancer patients compared with controls, and all were higher in CAT-positive patients compared with CAT-negative patients. In particular, PDMP levels in CAT-positive patients were significantly elevated compared with CAT-negative patients. PDMP levels were significantly lower in patients who lived for more than 901 days after their first examination compared with previous data. PDMP levels were positively correlated with HMGB1, and caused the dosedependent elevation of PDMPs in vitro using platelet-rich plasma from healthy persons. Conclusion: The combined increase in PDMP and HMGB1 levels might be related to CAT in cancer patients. Therefore, coagulatory dysfunction may result from increased levels of these biomarkers and contribute to the poor prognosis of cancer patients.
Introduction
Hypercoagulability occurs in many cancer patients. 1, 2 This is based on "Virchow's triad" including hemodynamic disruption, intrinsic hypercoagulability, and endothelial dysfunction. The risk of thrombosis and the solidification asthenia state in cancer patients has led to an increased death rate. 2, 3 When thrombosis occurs in conjunction with cancer it is termed cancer-associated thrombosis (CAT). 4, 5 In CAT, vein thromboembolism (VTE) often develops. 4 Various potential predictive biomarkers for VTE have been proposed, [6] [7] [8] including the analysis of blood corpuscles. 6 In addition, D-dimer, prothrombin
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, or the density of sP-selectin might also predict the risk of VTE. 8 Furthermore, the analysis of high-mobility group box-1 (HMGB1) or soluble endothelial protein C receptor (sEPCR) were reported to predict the risk of VTE development. 9, 10 Platelet-derived microparticles (PDMPs) are small circulating membrane fragments shed from the surface of platelets which have roles in normal hemostatic responses to vascular injury. 11, 12 Platelets shed PDMP during activation, storage, and apoptosis 13 and it is thought that PDMPs contribute to thrombin generation and thrombus formation by generating tissue factors. 11, 14 Therefore, PDMPs that ultimately cause vascular complications might be used as a tool to assess thrombotic areas. 15 Here, we evaluated the utility of PDMPs in cancer patients. We identified PDMPs, HMGB1 and sEPCR as useful prognosis indicators for CAT.
Patients and Methods Patients
Cancer patients and healthy volunteers were recruited from Kansai Medical Hirakata Hospital and Kansai Medical University (Osaka, Japan) between September 2012 and March 2017. The study group included 50 normal controls and 232 cancer patients. Of the cancer patients, 24 (10.3%) had thrombotic complications within 6 months after their first examination ( Table 1 ). The types of cancer included malignant lymphoma (ML; n = 53), multiple myeloma (MM; n = 56), and lung cancer (LC; n = 123) ( Table 1 ). This study was conducted in accordance with the Declaration of Helsinki and was performed with approval from the Institutional Review Board of Kansai Medical University. Written informed consent was obtained from all participants.
Measuring HMGB1 and sEPCR
Patient blood samples were collected in plain or sodium citratecontaining tubes and left at room temperature for a minimum of 1 h. Serum and citrated plasma were isolated by centrifugation for 20 min at 1000 ×g at 4°C. Serum was divided into aliquots and frozen at −30°C until use. Recombinant products and standard solutions provided with commercial kits served as positive controls. HMGB1 was measured using the HMGB1 ELISA Kit II (Shino-test Corp., Kanagawa, Japan). Plasma sEPCR levels were measured using enzyme-linked immunosorbent assay (ELISA) (R&D Systems Inc., Minneapolis, MN, USA). All kits were used according to the manufacturers' instructions. Normal ranges were as follows: HMGB1: 1.2-4.8 ng/mL and sEPCR: 30-150 ng/mL.
Measuring PDMPs
Blood samples were collected from a peripheral vein using a 21-gauge needle and placed into vacutainers containing ethylenediaminetetraacetic acid (NIPRO Co. Ltd., Osaka, Japan) to minimize platelet activation. The samples were handled as described in the manufacturer's protocol. Briefly, the samples were gently mixed by inverting the tube once or twice, stored at room temperature for 2-3 h, and centrifuged at 8000 ×g for 5 min at room temperature. Immediately after centrifugation, 200 μL of the upper layer supernatant from the 2 mL samples was collected to avoid contamination with platelets. The collected samples were stored at −40°C until analysis. PDMP levels were measured twice and mean values were calculated. Furthermore, basic studies were carried out prior to this assessment using clinical specimens. An ELISA kit used for PDMP measurements was obtained from JIMRO Co. Ltd. (Tokyo, Japan). 16, 17 The kit included two monoclonal antibodies against glycoproteins CD42b and CD42a. One U/mL of PDMPs in the ELISA kit was defined as the amount of PDMPs obtained from 24,000 solubilized platelets/mL. The performance of the kit was acceptable as reproducible intra-assay (1.1-4.0%) and interassay (5.2-8.8%) coefficients of variation were obtained. Recombinant products and standard solutions provided with the commercial kit were used as positive controls, and the kit was used in accordance with the manufacturer's instruction.
Specificity of PDMPs
In whole blood collected in citrate buffer, we observed that platelet activation occurred during centrifugation and resulted in a clear elevation of PDMPs compared with blood collected and anticoagulated with EDTA-ACD. We determined optimal centrifugation conditions needed to measure PDMP by changing gravitational acceleration and centrifugation time. 17 The stabilizing values of
PDMPs were obtained at a centrifugal acceleration of 6000 g and a centrifugation time of 3 min. Based on these data, we obtained standard conditions for centrifugal acceleration (8000 g) and time (5 min). 17 PDMPs are considered ectosomes, which are ideal for estimating extracellular vesicle (EV) size. 18 Ectosomes are EVs ranging in size from 10 to 1000 nm. PDMP and ectosomes are constitutively released from the surface of cells and their formation can be upregulated by cellular activation.
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Effect of HMGB1 on PDMPs in Normal Platelet-Rich Plasma
Platelet-rich plasma from healthy persons (n = 5) was treated with purified HMGB1 (R&D Systems, Minneapolis, MN, USA) at various concentrations (100-1200 ng/mL) for 60 min. After treatment, PDMPs were collected by the above mentioned method. PDMP levels were measured five times by ELISA, and mean volumes were calculated.
Statistics
Data are expressed as the mean ± standard deviation (SD). A receiver operating characteristics (ROC) curve analysis was used to estimate the value of each biomarker. Between-group comparisons were made using the Newman-Keuls test and Scheffe's test. Comparison of the two variables was done by Pearson's or Spearman correlation tests. The correlation between PDMP concentration and continuous variables was assessed using multivariate linear regression analysis. All statistical analyses were performed using StatFlex v7 software, with P-values < 0.05 considered statistically significant.
Results

Levels of Biomarkers in Cancer Patients
We confirmed that all biomarker values were distributed normally and we estimated the value of each biomarker using a ROC curve. Lung cancer was significantly more frequent in men than in healthy controls. The age of the cancer patients was higher than that of the healthy controls. The levels of PDMPs, HMGB1 and sEPCR were higher in cancer patients compared with controls (Table 1 ). In particular, these levels were significantly elevated in lung cancer patients compared with controls (p < 0.001; Table 1 ).
Analysis of Three Biomarkers in Relation to Thrombotic Complications
Next, we compared the concentrations of these three biomarkers (PDMPs, HMGB1 and sEPCR) in cancer patients stratified into groups based on CAT-positive or CAT-negative ( Figure 1 ). Levels of PDMPs, HMGB1 and sEPCR were higher in CAT-positive patients compared with CATnegative patients (Figure 1 ). In particular, PDMP levels in CAT-positive patients were significantly elevated compared with CAT-negative patients (p < 0.01; Figure 1 ).
Survival Analysis in Relation to the Three Biomarkers
The concentrations of all three biomarkers were higher in patients who died within 300 days of their first examination (Table 2) . PDMP, HMGB1 and sEPCR levels showed a negative correlation with survival time; in particular, PDMP levels were significantly lower in patients who lived for more than 901 days after their first examination compared with the data in 0~300 days (p < 0.001; Table 2 ). Figure 2 shows the correlation of PDMPs with HMGB1 or sEPCR in cancer patients (Pearson's coefficient). PDMP levels were positively correlated with HMGB1 (correlation coefficient; r = 0.5933, p < 0.001). In contrast, PDMP levels were not significantly correlated with sEPCR (r = 1527, p = 0.1624).
Correlation of PDMPs with Other Parameters
Effect of HMGB1 on PDMPs in Normal Platelet-Rich Plasma
We investigated whether PDMP secretion from platelets was enhanced by HMGB1. HMGB1 dose-dependently elevated PDMPs dose-dependently (HMGB1 concentrations of 800 and 1200 ng/mL) in vitro experiment using platelet-rich plasma from healthy persons (Figure 3 ).
Discussion
CAT causes significant morbidity and mortality in cancer patients. 4, 5 CAT is linked with a worse prognosis and thromboembolism is the second leading cause of death in cancer patients. 19, 20 Therefore, this study assessed the plasma concentrations of several biomarkers which may be related to CAT in cancer patients. We found that the concentrations of PDMP, sEPCR and HMGB1 were higher in cancer patients than in healthy controls. These results suggest that cancer patients likely have coagulation-and/or endothelial cell activation-related risk factors for coagulation abnormalities, resulting in the occurrence of CAT. The clinical significance of HMGB1 in cancer patients was previously reported; it was shown to be a potential prognostic factor for non-small cell lung cancer (NSCLC). 9,21 Although Naumnik et al 9 identified increased HMGB1 levels in advanced NSCLC patients undergoing chemotherapy, they concluded that HMGB1 concentrations did not influence survival times following NSCLC treatment because there was no significant difference in HMGB1 levels before and after chemotherapy. In contrast, Wang et al 21 reported that HMGB1 was highly expressed in NSCLC and might be a valuable prognostic predictive marker for this disease. In the current study, HMGB1 levels were significantly different in cancer patients with or without CAT (p < 0.05). We also found that sEPCR levels were significantly elevated in cancer patients with CAT compared with those without CAT (p < 0.05). Activated protein C, combined with its cofactor, protein S, acts as an anticoagulant, inactivating factor Va and factor VIIIa. 22 EPCR, a transmembrane glycoprotein 22.8 ± 9.2** 12.9 ± 5.8* 145 ± 31** 901~14.7 ± 7.7*** 11.3 ± 5.1** 118 ± 29** Notes: Data represent the means ± S.D. The p values are for 0~300 vs 301~600, 601~900, or 901~. *p < 0.05, **p < 0.01, ***p < 0.001. Abbreviations: PDMP, platelet-derived microparticle; HMGB1, high mobility group box 1; sEPCR, soluble endothelial protein C receptor.
present on endothelial cells, enables protein C activation. 23 EPCR is also found as a soluble form, sEPCR, which binds to activated protein C, in competition with cell-surface EPCR. 24 Therefore, sEPCR is a biomarker of cancer-related hypercoagulability in human malignancies. 10, 25 In this study, 24 of 232 cancer patients with CAT exhibited significantly increased sEPCR levels. Additionally, sEPCR levels were associated with survival times similar to HMGB1. However, in this study, the strongest correlation between biomarker levels and survival times was PDMP, a platelet-related biomarker with procoagulant activity that contributes to thrombosis formation and atherosclerosis. In the present study, we investigated the correlation of PDMPs with other parameters, and found that PDMP levels were positively correlated with HMGB1. In addition, HMGB1 induced the dose-dependent elevation of PDMPs (HMGB1 concentrations of 800 and 1200 ng/mL) in vitro using plateletrich plasma from healthy persons. A previous study reported that HMGB1 induced the secretion of microparticles from various cells, especially Toll-like receptor 4 (TLR4). 32, 33 Therefore, one cause of PDMP production in cancer patients might be HMGB1 because platelets express TLR4. 34 Unfortunately, this study has some limitations. First, the overall sample size is very small. Second, the samples were probably not representative of the entire cancer population experiencing CAT, because of a high percentage of patients with lung cancer. Patients in the GI cancer (e.g. stomach, pancreas) group are more prone to having CAT, thus fewer cases were observed. Finally, we did not completely define the relationship between PDMP and sEPCR in this study. Therefore, it remains unknown whether the high PDMP levels in cancer patients are directly linked to sEPCR levels. Confirmation of these observations in future prospective studies will be necessary.
Conclusion
Our findings have two potential implications. First, we showed that the combined increase in PDMP and HMGB1 levels was related to CAT in cancer patients. Second, we described how coagulatory dysfunction may result from increased levels of these biomarkers and contribute to a poor prognosis in cancer patients. This study had some limitations. We were unable to determine whether any relationship exists between PDMP and sEPCR. Additionally, we did not investigate how different therapeutic strategies affect the utility of the identified prognostic markers. Further confirmation of our observations in prospective studies is necessary.
